Swarming by Proteus species has been the subject of numerous studies since it was first described by G. Hauser (Uber Faulnissbacterien und deren Beziehungen zur Septicamie. F. C. W. Vogel, Leipzig, 1885) . Suggestions for its cause have been movement to a richer environment following depletion of nutrients (A. RussMunzer, Zentr. Bakteriol. Parasitenk. Abt. I. Orig. 133:214, 1935) and negative chemotaxis in response to the toxic products produced as the result of growth (I. Lominski and A. C. Lendrum, J. Pathol. Bacteriol. 59:688, 1947 In all of these studies there is the inherent assumption that the development of the long forms, swarmers, is dependent upon the nutritional quality of the medium. Since most of these studies were performed on complex media, the effect of nutritional modification of the medium on the development of long forms would be diffcult to interpret. Swarming by Proteus on a defined medium (DM) developed in this laboratory was dependent upon the agar concentration. Swarming failed to develop if less than 1.0% of agar was included in the medium.
Three strains of Proteus (P. mirabilis, WP 1 and WP 22, and P. vulgaris, CDC 4440) were used to evaluate this effect in the DM formulated with agar from several sources (Table 1) . Sterile media, in petri dishes, were dried overnight at room temperature and inoculated, at the center of the plates, with swarming colonies. The plates were incubated at 35 C, and the extent of swarming was recorded after 18 to 20 hr (Table 1) .
These results, essentially the same for the three strains, varied only slightly from those at 42 to 44 hr, and then usually when a minimal swarm occurred.
The first observations were elicited because the Proteus strains swarmed readily on Tryptose Broth (Difco) solidified with 1% Bacto-Agar, but on DM with this agar concentration only restricted swarming occurred. Very active swarming was obtained if the surface of the DM-1.0% agar was covered with 0.1 ml of sterile water just before inoculation. This observation indicated that the agar gel might be too stiff to permit swarming; however, on DM prepared with VOL. 95, 1968 0.8% agar, swarming failed to develop. When the agar concentration in the DM was raised to 1.5 %, marked improvement in swarming was obtained. The same result was obtained with four different lots of Bacto-Agar and three other agars (Table 1) . Exceptions were Ionagar No. 2, a specially purified agar, which failed to support swarming at 1.5%, and Agarose, which supported swarming at 0.8%. On DM-0.45% agar, the cultures moved from the site of inoculation through the agar, but not over the surface; we have called this motility in contrast to the movement over the surface of the agar, swarming. On the complex media, Tryptose Broth and Brain Heart Infusion, solidified with this concentration of agar both types of movement were observed.
Agar is a heterogeneous product derived from marine algae (J. N. BeMiller, p. 65, in R. L. Whistler [ed.] , Methods in Carbohydrate Chemistry, vol. 5, Academic Press, Inc., New York, 1965) , and it has been shown that the contaminants in commercial agar can affect the performance of a culture medium. Contaminating substances which can be removed from the agar interfered with the growth of Coccidioides immitis in the parasitic phase, spherules, on solid media (E. A. Brosbe, J. Bacteriol. 93:497, 1967) , and with the development of plaques when used in virus tissue culture systems (K. K. Takemoto and H. Liebhaber, Virology 14:566, 1961) . The DM developed in this laboratory required 1.0% or more of agar to support swarming by Proteus and, contrary to expectation, would not support swarming at 0.8% agar. Similar results were obtained on the minimal medium containing seven amino acids described by H. E. Jones and R. W. A. Park (J. Gen. Microbiol. 47:369, 1967) .
Extracts resulting from freezing 3% aqueous solutions of Bacto-Agar at -7 C overnight and thawing at room temperature were separated from the resulting fibrous agar matrix by filtration. This extract supported swarming when added to DM-0.8% Bacto-Agar, but the amount required varied with each preparation. A similar amount of the extract in DM-1.5% Tonagar No. 2 also supported swarming. Agar contains an extractable, water-soluble substance which contributes in some unexplained way to the development of swarming by Proteus.
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